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UNITED STATES 


1,715,633 
PATENT OFFICE. 


; EMERY J. -WILSON, OF CLEVELAND HEIGHTS, OHIO. 


SPEEDOMETER. 


. Application filed. July: 26, 1922. “Serial. No.. 577, 730. 


‘This invention relates to. speedometers of 


: the -liquid-centrifugal: type and- is :an.im-. 
provement. upon the. construction ‘described : 
-and claimed. in my: prior applications for: ro- 


tary. speed: indicators, Patent No. 1,416,082, 


filed Marchi 15, 1917: Patent No. L416, ‘083, 
- filed May 29, 1917; 7 and Patent No. 1 "4.16 084, 
- filed: June: 24, -1918. 

In these prior applications I have shown 
that,in a given container for the liquid -hav- 


ing certain ofits confining walls of known 


arbitrary ‘shapes and: proportions, the re- 
maining.wall or walls can be so shaped with 
-voference to the known factors that predeter- 


- mined positions of equilibrium of the liquid 


> rotation. 


mass can be established’ for given speeds of. 
“The improvements shown. in the. 
- present application relate chiefly to a simpli-- 
: fication.of the form.of ‘the container. and to a- 
. new arrangement ofthe .parts: which permits- 
‘of a more commercial ‘design: for: the indi-. 
_ cating mechanism and for the driving mecha- » 


“nism “which: rotates‘ the container and actu- 


f oe 
e. 


ates an odometer, and also results: in. a‘sim- 


plified construction for the main frame: which i 


“supports the entire mechanism. 
.The objects of the invention are :— 


-required:in-some of the prior constructions. 
(2) To extend the length of the liquid vor- 


‘liquid will not have to pass through restricted 


ut 


4 0 


5, 


passages at the low speeds of rotation: 
- (8) To obtain substantially uniform scale 
spacing from the zero. point.of speed up to 


‘that speed at- which the compensating or cali- . 


bration surfaces, described in my prior ‘pat- 


ents, begin to function, by utilizing the action’ 


of molecular attr action inherent in the liquid. -t 
or, existing between the liquid and its sup- 
porting surface. 

(4) "To provide: a- more commercial con- 


“struction for the mechanism which translates 
5 the. vertical motion of the float to a rotary 


motion of the dial. 
: (5) 'To.support and drive the container at 


“its upper end, thereby raising the point of at- 
tachment for the flexible driving shaft to a" 
much more desirable position and permitting. 


. the use of a simple means for pr operly charg- 
ing the instrument while running. 


‘Further objects of the invention are in part. 


obvious and in part will appear more in de- 
tail hereafter, 


jot the: instrument. 


A. specifi¢ enba deni of:the FREON is 
illustrated in the accompanying: drawings in 
which Fig. 1 is a section through the axis of 


rotation of: the: container ; Figs: 2:and 38,are_ 
enlarged cross sections.taken-on the lines 2—2 
filed December 21, 1916: Patent. No: t "466, "156, 7 


and '3--3-respectively of Fig. 1; Fig. 4 is. a 


-part-elevation. and. part. section; Fig- 5.is a 
-section.on line 5—5 of.Fig..4; Figs 6. is a-de- 
: tail.of plate 42:shown. in: Fig. 5, Fig. Vis an 


enlarged :diagrammatic view of. a-portion of 


the discharge and .central chambers used. in. 


describing the. operation-.of the device; and 


Hig. 8.is a diagrammatic view illustrating the 
relative pitch ‘lines of the teeth of the co- opar 


ating gears.34 and 87. 


In Figure. 8 Lhave, illustrated: ie pith: re- 


lation of the.teeth of co- operating gears 34 
and 3 


cap 24; in: fact, the ‘line ¢ ty” indicates. gener- 


37, the dot, andidash:lme “x”? indicating — 
the axis.of the. driving shaft:35; the dot and 
dasti line: “y” indicating the: axis of-the:in- 
sert 31 (by. which gear’ 34.:is carried) , and 
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ally. the axis of rotationof. the.mercury-carry- > 


“ing parts. of the speedometer. ‘The two, gears — 
are shown as-adapted: to. travel at similar 
Owing to ‘the: difficulty of attempt- ` 


speeds. . 
ing to show. a true section of the teeth. of. gear 


-34 in. Fig. 1, and of the.teeth.of gear: 37 in 
(1) ‘To eliminate. certain. accurate settings- 


Fig.4, the teeth of these gears.in-: these views 


-are shown conventionally - as.spur teeth; it is. 
‘to be understood, however, that the true. ‘pitch 
‘tex in. the discharge chamber ‘so: that: the : 


80 © 


line of the teeth of these: wears, in the-embodi- ~ 


ment:shown in:the drawings, is! ‘illustr ‘ated: in 


: Fig: 8. 


Tn the dr awings tindicatas the main frame 
-A rigid post: 2 is held 
fixed.in the frame by nut 3 and is formed. to 
provide an extended. length of. journal 4 and 
enlarged: lower-end: 5:to “whichis rigidly. at- 
tached the tube.6. A plugt, fitting: tight in 
the lower end of the tube, serves: to support 


‘the cam -rod.8, the:upper portion. of which is 
reduced in diameter where it passes: centrally 
through a ‘clearance':hole in the. post, and 
-carries a tight fitting spindle.9 which has a 


bearing -10.in the top vend of the post..-A dial 


-11 is adjustably. mounted on the-upper end 


of the ‘spindle and clamped thereto.;by Jock 
nut 12- The tube 6 forms a central:chamber 


-13 containing. a non-rotatable column of.mer- 
-eury-on. which: rests æ float 14 which is adapt-. 
cd to move-up.and-down in the tube as mer- 


cury flows to and’ from. the central chamber. 
The: float carries at its lower end: a:plate 15 


ae radial, L epoigevons 16: which: slide: in 
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straight: vertical grooves 17 machined on the 
inside of the tube, and at its upper end a tight 
fitting pin 18 and adjusting screw 19, said 


pin and screw having their inner ends conical .. 
‘the surface 47 lying at the periphery of the 


and adapted to slide along V-shaped helical 
grooves 20 in the cam rod 8. The whole ar- 


rangement is such that the dial 11 rotates 


through equal angles as the float moves ver- 


tically through equal distances. In this ar-. 
“rangement it is to be noted that clearance 


: spaces 21 and 22 (Fig. 2) are provided be- 


tween the float and tube, and between the float 
and the cam rod, and that the upper end of 
the float is guided entirely by the pins 18 
and 19 working in the cam grooves, while the 
lower end of the float is guided entirely. by 


- the projections 16 working in the tube grooves 


17, so that the float can adjust itself to’ in- 


-accuracies:of alignment which may exist be- 


tween the cam rod and tube. 


The rotating receptacle comprises a body: 
23 and tight fitting cap 24 which, with the 


outer cylindrical surface 25. (radius=R,) of 
the tube, form a discharge chamber 26 which 


vis in constant liquid communication with the 


central chamber 18 through vertical and ra- 
dial grooves 27 and 28 formed in the body 23, 


-and through the axial hole 29 and radial holes 


30° 
- ing on journal 4 and is provided at its lower- 


30 formed in the bottom plug T. - Cap 24 car- 
ries a tight fitting insert 31 which has a bear- 


- end. with a ball bearing 32 supported on the 


. ing receptacle is centered upon and entirely: 
5: supported by the post, and is rotatable about 


os 
oe 


40 


> 
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50 


enlarged end 5 of the post 2, so that the rotat- 


the fixed tube 6. . The insert. 31 extends up- 


ward from cap 24 into a pocket 33 of frame 
‘1, and forms a spiral toothed gear 34 at its 


upper end. An inclined driving shaft 35 


(Fig. 4), supported in bearings 36 of frame 
1, carries another spiral toothed gear 87 which 


meshes. with gear 34, and a: worm 388 which 
meshes with worm gear 39 having its journals 
40 and 41 supported respectively in frame 1 
and cover plate 42 attached to said frame by 


screws 43. Parts 38 to 44, together with parts 
of other structures shown, pertain more par-. 
‘ticularly to an odometer mechanism which 


may be employed in connection with the pres- 
ent invention. © 
In igure 8 I have illustrated the pitch re- 


-< Jation of the teeth of co-operating gears 34 


and 87, the dot and dash line “g” indicating. 


‘the axis of the driving shaft 35, the dot and 
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dash line “y” indicating the axis of the insert 


31: (by which gear 34 is carried), and cap 24; 
in fact, the line “y” indicates generally the 
axis. of rotation of. the mercury-carrying 


- parts of the speedometer. The two gears are 


shown as adapted to travel at similar speeds. 
Owing to the difficulty of attempting to show 
a true section of the teeth of gear 34 in Fig. 1, 
and of the teeth of gear 87 in Fig. 4, the teeth 


` of these gears in these views are shown con- 


ventionally as spur teeth; it is to be under- 


1,715,633 


‘stood, however, that the true pitch line of the 


teeth of these gears, in the embodiment shown 
in the drawings, is illustrated in Fig. 8. 
In this invention the proper formation of 


discharge chamber below the surface of the 
mercury when the instrument is at rest, is a 
particular feature, for this surface can be so 
shaped that the molecular attraction of the 
mercury will function-at the initial speeds in 
such a manner that a uniform scale spacing 


on the dial, clear down to the zero point of 


speed, will correctly indicate these low speeds 
of rotation. This surface is in effect another 
compensating surface. It would be difficult 
and probably impossible to derive exact math- 


-ematical formule for the shape of. this sur- 
face, even though the laws of molecular at- - 


traction were well known, but.it- is quite pos- 
sible to determine empirically this shape with 
sufficient accuracy for all practical. purposes 
since it functions only at the very low speeds. 

It is well known that mercury resting on a 
flat horizontal surface tends to. remain. col- 
lected into a single mass of considerable depth 
with its edges rounded under to the point of 
contact with the supporting surface. : If the 
supporting surface be slightly dished to a 


TT 
ot 


2 
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concave spherical form, the mercury mass 


will assume the form of a round flattened disc. 
I£ this disc is rotated slowly about a vertical. 


axis the centrifugal force of the mercury 


tending to spread it out. acts against its’ in- 
herent molecular attraction which tends to 
keep-it from so spreading. The point at 
which balance takes place for any particular 
speed depends'on the slope of the supporting 
surface. By varying this slope the desired 
predetermined positions of equilibrium of the 
mercury mass can be established. It is of 
course understood. that the tendency of. the 
top surface of the mercury to form a vortex 
exists. at all speeds. ; : 
Referring to the diagrammatic view Fig. 
7, the zero level of the mercury when the in- 


:-strument is at-rest is.at the line w—a, its outer 


peripheral edge assuming the curved form as 
noted above and as indicated. at 48, due to 


‘molecular attraction; so that an.open space 


49 is formed at the: periphery of the dis- 
charge chamber below the zero level of the 
mercury. This space 49 is bounded by the 


‘surfaces 47 and 50° of the receptacle, and the 


mercury surface 48; and its volume must nec- 
essarily be equal to the volume of liquid 
bounded by the line x—a, the vortex curve n, 
the surface 50* of the receptacle, and that 


portion of the mercury surface 48 which les 


above the vortex: curve n.: An air duct 46, 
Fig. 1, uniting the space 49 to the space in the 
discharge chamber. above the zero line, is 
needed to permit free movement of air to and - 
from space 49 to prevent pocketing of air or 
the formation of a vacuum therein. During 
the period when such space 49 is actually 
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present, air can pass between it and the-por- 


tion of the chamber above the liquid level; 
with the elimination ofthe space by the pres- 


„ence. of liquid therein, ‘there is no further 


utr 


need. for ‘the activity of the duct and it be- 


the latter again passes to the top plane of the 
space 49 at which time the duct 46 is again 
active for the transfer of air. ao 
‘The empirical derivation of the curve 47 
consists of a cut and try method. . By. start- 
ing with an approximate contour ‘for this 
surface, the receptacle is rotated, at succes- 
sively increasing speeds and the correspond - 
ing displacements of the float ‘from its zero 


‘position are noted. If the movement of the 


float corresponding ‘to an.increase of speed 
‘dn is less than the desired value Zdn, the slope 


of that portion of the curve 47 just paszed 
over by the mercury.is too steep; if the move- 
ment is greater than ldr the said slope is not 
great enough. 7=the assigned uniform 
movement of the float for one R. P. M. change 
of speed. .By using a suitable material such 
as paraffin as a lining for this. part of the 


experimental container, the derivation of the. 


surface 47 is facilitated. It is of course un- 
derstood that when the proper shape of the 
surface 47 is once determined it can ‘be per- 
manently incorporated ‘in the die used for 


‘moulding the body 23, so that this feature 
of the construction adds nothing to the man- 


ufacturing cost of future instruments. 
‘The primary object of the surface 47 is 


two-fold: First, to produce a free space in the 


-discharge chamber below the level of the liq- 
‘uid when the instrumentis at rest, into which 


2 


Da 


space the mercury can flow when the instru- 
ment starts to rotate, and from which the 
mercury can be drawn by molecular attrac- 


tion as the speed of rotation approaches zero ; 
1 


‘and second, to elevate the float to that point 


‘from which its movement is-proportional to 
the speed of rotation, namely, the line w—a, 


so that the scale spacing from 0 to say 5 miles 


per hour will be of the same length as other 
5-mile portions of the scale. This will be 
clearly understood by reference to Figs. 16 
and 17 of my Patent Number 1,416,084 in 
which no such surface as 47 exists, and con- 
sequently the zero level of the mercury must 
come below the line e—w, with the result that 


the -scale-from 0 to 5 is much less than it is 
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from 5 to 10.. The secondary object of the 
surface 47, namely, the obtaining of an ex- 


actly uniform scale spacing over this low | 


range of speed from 0 to 5, is simply a further 

refinement of operation. 
The operation of the instrument is as fol- 

lows :— 
(1) As the speed increases 


from n 
(R. P. M.) =0 to n=n =; : 


The outer edge 48 of the mercury in the. 


discharge chamber moves outward and up- 
ward along the surface 47 until the top free 


‘through: the: distance H, = Zn. 


n=maximum = 


surface of the mercury mass:assumes the po- 


sition indicated by the vortex curve n,.. The 
top surface ‘of the mercury in ‘the central 


chamber remains‘ a plane surface: tangent: at 


i : “the vertex of the changing vortex.:m “the ` 
comes closed bythë liquid until the level of : 


discharee chamber, and moves downward 
Throughout 
this range-of action the ‘float moves through 


equal distances for equal.changes of speed, 


due to the functioning of the surface 47. 
(2) As the speed increases from.n=n, to 

The upper-limit:of the vor- 

tex curve inthe discharge chamber travels 


“inward and upward. along the calibration 


surface 50; the ‘lower limit of the vortex 
curve travels first downward, then upward, 
along the. cylindrical base surface 25 (ra- 
dius=R,),°and the ‘top. surface of ‘the mer- 


-cury in the central-chamber continues:to de- 


scend through equal distances -for -equal 
changes of speed, due to: the functioning of 
the calibration surface as fully described in 


-my-prior patents. In Fig. 1 an intermediate 


position of: the‘float is shown by dotted: lines 


‘at 14’ and ‘the vortex for ‘the. speed corre- 
‘sponding: to this positionis shown at n.: 


~ The general equations ‘for the coordinates 
BR and æ of the curve -for this calibration sur- 


face 50:are the same as those given: on page 


5, lines 50-55,-of my Patent No. 1,416,084, 
‘for curve 57 described therein. ‘The assigned 
values of the constants R,, Z and: p' used ‘for 


equations referred to are :— : 


zi y al (2cRPn 
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‘curve 57 are however. different. from those’. 
used for the present curve’ 50. The general. 


—)?+ 4elp nt besser fe 


‘2Qen 
‘g= cn? = ln 


These equations show. that: the curve 50 is 
tangent.to the zero line e—w at infinity. Tig. 
7 shows thatit approaches very closely to the 
line w—æ atthe finite distance Ry, the value 
of g when R=R, being. equal to: —.0047 for 


‘the proportions shown in ‘the drawings, the 


110 


negative sign indicating that this point of. 


the curve:is below the line:w—w#; and the 
maximum negative value of æ is —.015 cor- 
responding. to R=.7407. 
face of the mercury were unbroken by. the 
insertion of the fixed tube:6 which prevents 


If the vortex sur.» 


the mercury within it-from rotating, the curve ` 


50 would become a straight-line coinciding 


with w—a. .. : : 

The value of n, referred to above is found 
from equation (1) by setting R=R, and 
solving for NSn, € - : $ ' 


‘From the above it will be understood that 


I have provided an improved form*for the. 


rotating receptacle for the mercury, in that 
the restricted passages inthe discharge cham- 
bers shown in my prior applications have 
been entirely eliminated, thereby permitting 


‘the top ‘surface of the mercury in said cham- 


“120 


10 


15 


ber to form its true vortex more readily. 
Furthermore, a decided advantage is gained 
in point of manufacture since the accurate 
setting of a horizontal base surface with 
reference to its derived calibration surface is 
dispensed with: and a surface already exist- 
ing in the structure is used as a base surface, 
namely, the outside surface of the fixed tube 
6, which does not have to be set to any par- 
ticular vertical position. `, 

The working parts of the instrument are 
suitably enclosed in a two-part casing com- 
prising upper half 94 and lower half 95 with 


its tubular extension 96. Both parts are at- 


tached by a number of screws 97 to the U- 
shaped flange 98 forming a part of frame 1. 
The usual bezel ring 99, glass 100 and face 
plate 101 through which the desired portions 


‘of the speed scale and odometer are visible, 


are of usual construction. 

In charging and testing the speed indicator 
it is desirable to have an easy means of sup- 
plying and regulating the amount of mercury 


required for accurate registration of. the 


speeds. 


If the receptacle is suitably con- 
nected to a fixed source of supply this opera- 


tion can be performed while the receptacle 


is rotating. Such a connection is indicated 
at the bottom end of the body 23 and com- 
prises simply a plug 103 which is screwed into 


. the body at the axis of rotation and is adapted 


to properly fit and rotate about a suitable 
supply nozzle inserted in the axial hole 104 
of the plug. An eccentric hole 105, located in 


‘the lower wall. of said body, establishes liquid 
communication between the nozzle and the. 


. receptacle when the plug is slightly with- 


40° 


drawn from its seat 106, by means of a suit- 
able spanner. wrench. When the proper 
amount of mercury is introduced into the rte- 


-< ceptacle, the supply from the nozzle is first 


“shut off, then the rotation of the instrument is 


stopped, the plug screwed down tight on its 


_ seat, the nozzle withdrawn and the plug per- 


50 
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manently sealed. By this method the instru- 
ment can be quickly and accurately calibrated 
at any particular speed. | 

Having described my invention, I claim as 
new :— oars 

1. In a liquid centrifugal speed indicator 
having inner and outer communicating cham- 
bers for receiving the liquid, wherein the in- 
dications are made responsive to the move- 
ment of such liquid. in the inner chamber, 
and wherein the outer chamber constitutes a 
discharge chamber into which the liquid flows 


upon rotation, said discharge chamber hav- . 


a ing a' normal zero level of the liquid when the 


60 


instrument is at rest, said discharge chamber 
including as a portion of its liquid confining 
walls a surface lying below the plane of such 
normal zero level and adapted to be traversed 


_ by the liquid during movement of the latter 


65 


when the instrament is in speed-responsive 
service, the position of said surface being such 
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that a predetermined cross-sectional area of 
the chamber between such surface and such 
plane will be maintained free from the liquid 
by molecular attraction of the liquid when 
the. instrument is at rest, and contain liquid 


‘during speed-responsive movements of the 


instrument. 

9. An indicator as in claim 1, characterized 
in that the value of the free cross-sectional 
area of the chamber between such surface and 
plane is varied in a decreasing direction as the 
speed is increased. 

3. An indicator as in claim 1, characterized 
in that the value of the free cross-sectional 
area of the chamber between such surface and 
plane is varied in a decreasing direction as 
the speed is increased, with the cross-sectional 
area eliminated in presence of a speed-value 
equal to and beyond a. definite speed value in 
such increasing direction. : 

4. -An indicator as in claim 1, character- 
ized in that the value of such predetermined 
cross-sectional area is reduced to zero in 
response to a speed value of a predeter- 


mined amount and maintained in such con-- 


dition during periods when the speed value 


“is equal to or greater than that of such pre- 


determined amount. ao 
5. An indicator as in claim 1, character- 


ized in that the value of such predetermined. 


cross-sectional area is reduced. to zero in re- 
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sponse to a speed value of a predetermined — 


amount and maintained in such condition 
during periods when the speed value is equal 
to or greater than that of such predeter- 
mined amount, the value of such cross-sec- 
tional area being varied in an increasing di- 
rection by molecular attraction of the liquid 
as the speed is decreased from such prede- 
termined speed value. er 
6. An indicator as in claim 1, character- 
ized in that such lower surface is shaped rela- 
tive to its opposing liquid-confining wall. of 
that portion of the outer chamber included 
within the zone of such predetermined cross- 
sectional area, that the space included with- 
in such area will receive such increments. of 
the liquid when rotated as will. make the 
movement of the liquid in the inner cham- 
ber proportional to the speed. of. rotation, 
due to the conditions of molecular attraction 
present within the outer chamber. i 
"7. In speed indicators, wherein a confined 
liquid mass is subjected to centrifugal action 
to produce characteristics of a vortex, where- 
in the carrier for the liquid mass is formed 
to provide inner and outer chambers in. per- 
manent communication and with each cham- 
ber having a free liquid surface of the mass, 
the free surfaces being-in permanent connec- 
tion through the body of the mass, and 
wherein the indications are made responsive 
to the changes in position of the free liquid 
surface of the mass of the inner chamber, 
means operative to establish definite positions 
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of equilibrium of the mass at definite speeds 
of rotation in presence of mass increment flow 
produced by variations in speed, said means 
including a succession of faces of the outer 
chamber positioned to be traversed succes- 
sively by free liquid surfaces- operating in 


said chamber, one of said faces lying below - 


the plane of the normal zero level of the 
liquid within such outer chamber. 

8. An indicator as in claim 7, character- 
ized in that other of the faces traversed by a 
free liquid surface operating in the outer 
chamber are located above such normal zero 
level of the liquid within the chamber. 

9. In a centrifugal speed indicator where- 
in the speed is evidenced by a rotatable in- 
dicator made responsive to the vertical move- 
ment of said liquid, means for translating 
the said vertical movement of the liquid to 
said rotatable movement of the indicator, 
said means comprising a float supported by 


5 


` said liquid, a rotatable rod carrying said in- 


dicator, a fixed member supporting said rod, 


and means for causing float movements to be 


translated into rotational movements of the 
rod, said latter means including spaced-apart 
elements. carried by the float and adapted 
to traverse a vertical groove of the fixed mem- 


ber and a helical groove of the rod respective- 


ly, said elements including “an adjusting 
screw having a conical exposed end co-op- 
erative with a groove, such groove being V- 
shape in cross-section to be complemental to 


such conical end, said screw being located 


materially above the lower face of the float, 


‘the element which co-operates with the 


groove of the fixed member being located in 
proximity to such lower face of the float. . 

In testimony whereof I hereby afix my 
signature. 


EMERY J. WILSON. 
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